Purpose Image guidance is valuable for diagnostic injections in foot orthopaedics. Flat-detector computed tomography (FD-CT) was implemented using a C-arm, and the system was tested for needle guidance in foot joint injections. Methods FD-CT-guided joint infiltration was performed in 6 patients referred from the orthopaedic department for diagnostic foot injections. All interventions were performed utilising a flat-panel fluoroscopy system utilising specialised image guidance and planning software. Successful infiltration was defined by localisation of contrast media depot in the targeted joint. The pre-and post-interventional numeric analogue scale (NAS) pain score was assessed. Results All injections were technically successful. Contrast media deposit was documented in all targeted joints. Significant relief of symptoms was noted by all 6 participants. Conclusions FD-CT-guided joint infiltration is a feasible method for diagnostic infiltration of midfoot and hindfoot joints. The FD-CT approach may become an alternative to commonly used 2D-fluoroscopically guidance.
Introduction
It is a common procedure to infiltrate painful foot and ankle joints with local anaesthetics to determine the exact pain localization in degenerative joint conditions [1, 2] . Such diagnostic intraarticular infiltrations are routinely performed under fluoroscopical guidance and proved to be useful in preoperative planning for predicting a successful outcome of operative procedures [3, 4] . In the foot, infiltrations are often difficult due to the complex anatomy with small, tightly neighbouring joints [5] . In degenerative joint conditions, the accuracy is additionally often compromised by the presence of osteophytes and unusual post-traumatic or post-operatively disordered anatomy [6] . The radiation exposure that comes along with the fluoroscopical guidance should not be underestimated and relies on the experience of the performer [7] . Therefore, a feasible, precise, and safe infiltration technique for the foot and ankle is desirable, which can easily be implemented into a clinical setting.
Flat-detector computed tomography (FD-CT) has become widely accepted for interventional imaging using C-arm systems, providing an efficient way of combining two-dimensional (2D) radiographic or fluoroscopic and 3D-CT imaging [8] . As for the musculoskeletal field of application, FD-CT has been successfully utilised for spinal interventions such as kyphoplasty or vertebroplasty [9, 10] .
In this study, we present our first experience with FD-CT for infiltration of foot joints and evaluate its feasibility and potential use in routine preoperative diagnostic assessment.
Material and methods
Because the aim of this study was to assess the feasibility of a new technique, the number of admitted patients was restricted. The study population consisted of 6 consecutive patients (4 women, 2 men; mean age 46, range 36-58) admitted from the orthopaedic ambulance with unilateral chronic foot pain between May and July 2010.
Preinterventional clinical examination by an experienced orthopaedic surgeon (VV) included localization of the painful joint and pain status measured by a numeric analogue scale (NAS, 0 = total absence of pain, 10 = maximum imaginable pain [11] ). All patients previously underwent diagnostic procedures consisting of planar radiographs and three phase 99m Tc-Dicarboxypropandiphosphate (DPD) single photon emission computed tomography-computed tomography (SPECT-CT) of the foot. SPECT-CT is part of a routine algorithm for diagnostics of degenerative joint disease of the foot and ankle. Two experienced radiologists (ALJ, MTLT) assessed the intensity and localisation of 99m Tc-DPD-uptakes on SPECT-CT and defined the site of infiltration (Fig. 1a) . Diagnoses included osteoarthritis (4 joints) and osteochondral lesions (2 joints) totalling 6 joints (2 talonavicular, 2 subtalar, 2 tarsometatarsal). Patients were referred to the interventional radiology department for diagnostic joint infiltration as part of a preoperative diagnostic assessment.
All interventions were performed with a flat-panel fluoroscopy system (ArtisZee, Siemens, Erlangen, Germany).
After positioning the patient on the fluoroscopy table, the target foot was being immobilized using a vacuum mattress (Fig. 1b ). An initial scout view was performed according to preoperative imaging. Based on this overview, the target area was scanned to acquire a set of planning images. For this, the C-arm with the flat-panel detector rotates 240 • around the target volume, creating a three dimensional dataset that allows interactive planning of the needles trajectory with the designated software (Syngo iGuide, Vers. 13, Siemens, Erlangen, Germany) by defining the insertion point on the skin and the target point in the joint (Fig. 1c) .
At this point, sterile preparation of the skin including a sterile cover of the foot was conducted. The C-arm automatically drives along the ray path into position and the laser cross attached to the flat detector targets the skin entry site of the needle. The table position needs to be adjusted manually until the correct position is reached. This is controlled by an interactive bull's-eye view on the examination monitor, where a notch and a bead sight (one represents the table, the other the flat detector position) need to be superimposed on the other. The desired needle track can be easily estimated by holding the needles tip over the laser marked skin entry site and then moving the syringe until the laser cross is projecting on the end of the piston. Along the planned trajectory, local subcutaneous anaesthesia was applied (Mepivacain 1.5%, Syntetica, Switzerland). A disposable needle (27 gauge, 25 mm long, Sterican, Braun Medical, Sempach, Switzerland) was used to enter the joint in all cases. The iGuide software offers an interactive support for steering the needle. By driving the C-arm into oblique positions, the needles deviation to the planned trajectory are shown on the monitor and can be corrected until the target point is reached.
Following the placement of the needle, a control scan was performed to determine the position of the needle tip. If the correct placement of the needle was confirmed, 3 ml of local anaesthetic (Bupivacain 0,5%, Syntetica, Switzerland) mixed with iodine solution (Iopamiro 300, Bracco, Switzerland) in 2:1 ratio was injected into the joint.
After successful injection, a final image acquisition was carried out to document the exact localisation of the deposit (Fig. 1d) .
The NAS outcome was assessed directly post-infiltration. Pain relief in responders was defined as reduction of NASscore of more than 50% of the preinterventional score.
The radiation dose was recorded in the RIS (INORIS, Nexus AG, Villingen-Schwenningen, Germany).
The study was approved by the institutional review board and written patient consent was obtained. The data were analysed by Student's t-test with a significance level of P < 0.05 using the SPSS software (version 11.5.1, SPSS Inc., Chicago IL, USA).
Results
FD-CT -guided joint infiltration was successfully performed in all 6 joints without intra-or post-interventional complications. Iodine solution deposit was confirmed in all target joints. No intervention abort or conversion to planar fluoroscopy guided technique was necessary. In two patients, the foot had to be repositioned and the procedure re-planed after the primary referencing and trajectory planning procedure. This was due to patient movement on the fluoroscopy table that resulted in a discrepancy between the planned trajectory and actual position of the foot.
A pain relief was noted in all patients. The mean preinterventional NAS of 5.4 (range, 3-9; SD 2.2) decreased to a mean post-interventional NAS of 1.0 (range, 0-3; SD 1.35). This was statistically significant (P < 0.01)
The radiation dose for each patient is shown in Table 1 . The radiation dose for patient 5 could not be estimated due to technical issues (data corruption).
Discussion
We present our first clinical experiences and results of the FD-CT -guided joint infiltration of foot joints. All patients showed an iodine solution deposit in the targeted joint and additionally significant pain relief after infiltration. To the knowledge of the authors, this is the first description of this technique for foot joint infiltration.
Several authors describe good results of fluoroscopy guided needle placement in the midfoot and the subtalar joint [2] [3] [4] , but such interventions can be difficult to perform in degenerative joint conditions [5, 12] . To improve accuracy in such cases, CT-guidance proved to be useful. Saifuddin et al. reported technically successful foot and ankle intervention in 28 cases. Here, CT-guidance proved to be of special value for patients with post-traumatic, disordered anatomy and presence of osteophytes after failure of conventional fluoroscopically guided infiltrations [6] . Wiewiorski and al. described a CT-guided robot-assisted technique and successfully infiltrated 16 foot and ankle joints with degenerative joint disease [13] . Cases in which fluoroscopical guidance failed and successful conversion to CT-guided infiltration technique was performed have been also described by Mitchell et al. [2] .
All 6 joints infiltrated in this study showed radiological signs of degeneration; however, severe deformation or extensive osteophytes were not found. Further studies will need to be performed to assess the usefulness of the described FD-CT guided technique for infiltration of severely distorted joints in comparison with fluoroscopy an CT.
The mean effective dose for the intervention was calculated to be 0.028 mSv. Unfortunately, no radiation dose was mentioned in any of the publication regarding fluoroscopically or CT-guided foot infiltration [2, 6, 13] . Therefore, a comparison is not possible. As a point of reference, a SPECT of the foot has an effective dose of around 4.3 mSv.
To eliminate radiation exposure, sonography guided infiltrations of foot joints have been reported [14] . However, its usefulness in joints with an unphysiological joint anatomy, such as it is the case in osteoarthritis (presence of osteophytes), is limited. In a previous study, Berliner et al. showed that flat-panel detector systems can produce high quality radiographic images at a substantially reduced radiation dose in comparison with conventional computed radiography [15] . Future studies will have to evaluate the role of flat-detector guided imaging for routine interventions in terms of reduction of radiation exposure.
Certain limitations have been identified. A very important pre-condition for a successful FDCT-guided infiltration is the strict immobilization of the patient's foot. Since this is a modality based intervention [16] , even small changes in position of the foot lead to a discrepancy between initially acquired planning images and the actual position of the patient's foot, as seen in two of our patients. After reposition of the foot, a new planning scan has to be performed resulting in longer total intervention time (see patient 4 and 6 in Table 1 ) and increased radiation exposure (see patient 6 in Table 1 ). To address this issue, the authors plan to design an improved immobilizing device for future studies.
Conclusion
The first clinical cases demonstrated flat-detector computed tomography to be a feasible method for diagnostic infiltration of foot joints. Planning of needle placement in multiplanar reconstructions greatly shows good accuracy of intra-articular needle placement and allows exact and reliable application of local anaesthetics for preoperative diagnostic assessment. Although fluoroscopically guided injection remains the technique of choice, FD-CT is a reliable alternative.
Certain limitations were identified and require further experience in view of team experience, decrease in intervention time, radiation exposure and system modifications.
Future studies need to evaluate the usefulness of this novel technique for infiltration of joints in the presence of severe degenerative joint conditions (deformed joints and large osteophytes).
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